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(54) Method of checking the calibration of a display system 



(57) When the display system is calibrated, digital 
test innage (IMC) delivered as input to system provides 
a resulting image (IRL) perceived the human eye as be- 



ing composed of a plurality individual elements which 
themselves are composed two grey levels and have the 
same contrast from element to another. 
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Description 

[0001 ] The invention relates to the checking of the cal- 
ibration of a display system. A display system is, for ex- 
ample, a monitor which may or may not be associated 
with its graphics card or a printer producing a paper 
proof observed in the light of an office, or a laser repro- 
graphics device producing a film observed in a negative 
viewer, or optionally a combination of several of these 
display means. 

[0002] A display means of a display system, for ex- 
ample connected to a medical imaging apparatus, re- 
ceives as input a digital image, each point of which is 
assigned a brightness value (generally between 0 and 
255) which will be referred to below by the expression 
"digital grey level". Each pixel of the image reproduced 
by the display means then has a brightness level whose 
value depends on the digital grey level of the corre- 
sponding point in the input digital image. The transfer 
function of a display means is the correspondence law 
between the input digital grey levels and the output 
brightness levels. 

[0003] A display means is said to be calibrated when 
Its transfer function coincides with a predefined transfer 
function, called below the "target transfer function". 
[0004] Among known calibration methods, mention 
may be made of those which use generic digital images, 
i.e. digital images that are independent of the target 
transfer function and of the observation conditions, in 
order to test the actual transfer function of a display 
means. This method of the prior art therefore uses op- 
tical density measurements or brightness levels of the 
various grey levels of these digital test images repro- 
duced by the display means. 

[0005] The Invention aims to provide a radically differ- 
ent solution to the problems of calibrating display sys- 
tems. 

[0006] According to a first aspect of the invention, 
there is provided a method of checking the calibration 
of a display system, characterized in that a visual cali- 
bration test pattern Intended to be displayed on a display 
means of the said system and observed by the human 
eye is generated, this lest pattern comprising at least a 
first part formed by several separate regions each com- 
posed of a first area having a first light level and a sec- 
ond area having a second light level, all the light levels 
being different from one another and the difference be- 
tween the two levels of the two areas of a region being 
predetermined and the same for all the regions, an over- 
all transfer function is determined from a first predefined 
transfer function of the calibrated display system and a 
second predefined transfer function from a mathemati- 
cal model of the human visual system, a digital calibra- 
tion image corresponding to the said calibration test pat- 
tern Is determined from the sakJ visual calibration test 
pattern and from the inverse of the said overall transfer 
function, the said digital calibration image is delivered 
as input to the display system and the resulting image 
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thus obtained Is displayed on the said display means, 
and the calibration of the display system Is checked by 
displaying the said resulting image. 
[0007^ According to a second aspect of the invention, 
s there is provided a method of checking the calibration 
of a printer forming, with a display system, for example 
a monitor, a display system connected to common 
processing means, in which a visual calibration test pat- 
tern intended to be displayed on the display means and 
10 on the printer and observed by the human eye Is gen- 
erated, this test pattem comprising at least a first part 
formed by several separate regions each composed of 
a first area having a first light level and a second area 
having a second light level, all the light levels being dlf- 
?5 ferent from one another and the difference 

[0008] One embodiment of the Invention provides a 
means of checking the calibration of a display system 
which is rapid and requires no direct measurement or, 
at the very least, only a very small number of direct 
measurements. 

[0009] The invention therefore proposes to generate, 
for given observation conditions and for a given target 
transfer function, a digital test image the only observa- 
tion of which by the human eye under these given ob- 
servation conditions is sufficient to determine whether 
the actuaLtransfer function of the display system coin- 
cides with its target transter function (i.e. the transfer 
function of the calibrated system) and therefore to de- 
termine whether the system is correctly calibrated. 
[0010] More specifically, according to a general char- 
acteristic of the invention, when the transfer function of 
the display system coincides with the target transfer 
function, the digital test image used in the present in- 
vention is perceived by the human eye as being com- 
posed of a plurality of individual elements which them- 
selves are composed of two levels, for example two grey 
levels, and have the same contrast between these two 
levels from one element to another. 
[0011] In other words, the invention provides a meth- 
od of checking the calibration of a display system, in 
which a visual calibration test pattem intended to be dis- 
played on a display means of the said system and ob- 
served by the human eye is generated, this test pattern 
comprising at least a first part formed by several sepa- 
rate regions each composed of a first area having a first 
light level (for example, the first grey level) and a second 
area having a second light level (for example, the sec- 
ond grey level), all the light levels being different from 
one another and the difference between the two levels 
(contrasts) of the two areas of a region being predeter- 
mined and the same for all the regions. 
[001 2] An overall transfer function is determined from 
a first predefined transfer function of the calibrated dis- 
play system (target transfer function) and a second pre- 
defined transfer function from a mathematical model of 
the human visual system, 

[0013] A digital calibration image corresponding to the 
said calibration test pattern is detemr^ined from the said 
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visual calibration lest pattern andfronn the inverse of the 
said overall transfer function. 

[0014] The said digital calibration image is delivered 
as input to the display system and the resulting image 
thus obtained is displayed on the said display means, s 
and the calibration of the display system is checked by 
displaying the said existing image. 
[0015] In other words, the digital levels, which are de- 
livered as input to the display system, are determined 
from the levels which should actually be perceived by io 
the human brain when the calibration test pattem is ob- 
served under predetermined observation conditions 
and when the transfer function of the display system co- 
incides with the target transfer function, that is to say 
when the system is calibrated. These digital input levels is 
are determined by inverting the combination of the tar- 
get transfer function of the display system and of the 
transfer function of the human visual system for these 
observation conditions. Several mathematical models 
of the human visual system are well known and availa- 20 
ble to those skilled in the art (such as. for example, the 
Barten model) for determining the transfer function of 
the human visual system. 

[001 6] The target transfer function of the display sys- 
tem may. for example, be generated beforehand in a 25 
conventional manner using, for example, optical density 
brightness level measurements. The Measurements or 
invention then makes it possible, in particular when the 
display signal simply consists of a monitor or a display 
screen, the target transfer function of which is known 3o 
beforehand, to then check any subsequent calibration 
of the monitor by simply displaying the calibration test 
pattern. 

[00^7] This being so, the invention applies particularly 
advantageously to the checking of the calibration of a 35 
printer connected, for example with a monitor, to com- 
mon processing means. Mention may be made, for ex- 
ample, of a printer and of a monitor which are connected 
to the output of the same medical imaging system. 
[001 8] Thus, in an embodiment of the invention, a vis- 40 
ual calibration test pattern intended to be displayed on 
the display means (for example the monitor) and on the 
printer and which is to be observed by the human eye 
is generated. This test pattern has the same features as 
those which have just been described above. However, 4S 
an overall transfer function of the display system is de- 
termined from a first predefined transfer function of the 
calibrated monitor (target transfer function of the moni- 
tor) and from a second predefined transfer function of a 
mathematical model of the human visual system. The so 
digital calibration image corresponding to the said cali- 
bration test pattern is also determined from the said cal- 
ibration test pattem and from the inverse of the said 
overall function. The said digital calibration image is de- 
livered as input to the display system and the resulting ss 
image thus obtained is printed by the printer. The cali- 
bration of the printer is then checked by displaying the 
said resulting image. 



[0019] In other words, the invention here makes it 
possible, using the said calibration test image, to check 
the calibration of a printer using another calibrated dis- 
play means, for example a monitor. 
[0020] When the discretization increment display sys- 
tem is smaller than the visual detection threshold of the 
human eye, of the contrast a visual calibration test pat- 
tern is advantageously generated which has a first part 
associated with a first constant difference in light level 
(constant difference in contrast for all the elements of 
the test pattern) smaller than the said visual detection 
threshold and which also has a second part that is struc- 
turally similar to the first part and associated with a sec- 
ond constant difference in light level greater than the 
said visual detection threshold. 

[0021] In other words, when the display means have 
a smaller discretization increment than the detection 
threshold of the human visual system, a test pattem 
composed of two subpatterns is used. The contrast of 
the two elements of the first subpattern is chosen to be 
slightly lower than the detection threshold of the human 
visual system, while the contrast of the elements of the 
second subpattern is chosen to be slightly higher than 
the detection threshold of the human visual system. 
[0022] In this variant, the system may be tested by 
contrasts of the elements of if the contrast of one of sub- 
pattem can be perceived, least one of the elements can- 
not be perceived, it may calibration of the display ob- 
sen/ing the perceived the two subpatterns. Thus, the el- 
ements of the first or If the contrast of at of the second 
subpattern then be concluded that the system is not cor- 
rectly calibrated. 

[0023] When the discretization increment display sys- 
tem is greater than the visual detection threshold of the 
human eye. a visual calibration test pattem comprising 
only the said first part is generated and a constant dif- 
ference in visual level significantly greater than the said 
discretization increment, for example equal to three or 
four times this increment, is then chosen. Thus, If the 
varraus perceived contrasts of the various elements of 
the test pattem are not constant, but change from one 
element to another, it may be concluded from this that 
the system is not correctly calibrated. 
[0024] In the variant of the invention relating to the 
printer connected, with the monitor, to the medical Im- 
aging system, the various elements of the selection of 
the characteristics of the printer are generated, espe- 
cially its discretization increment, but the inverse target 
transfer function of the monitor is used to define the dig- 
ital calibration image from the visual calibration test pat- 
tern. 

[0025] The invention will now be described in greater 
detail by way of drawings, in which: - 

Figure 1 illustrates, very diagrammatlcally. an im- 
age perception chain, 

Figure 2 illustrates, very diagrammatlcally. a cali- 
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bration check according lolhe invention using a cal- 
ibration test pattern, 

Figures 3 and 4 illustrate, very diagramnnatically, a 
calibration test pattern which can be used in a first s 
variant of the invention, 

Figure 5 illustrates a digital test image correspond- 
ing to the calibration test pattern of Figure 4, 

Figure 6 illustrates, very diagrammatically. the gen- 
eration of a visual calibration test pattern according 
to a second variant of the invention, and 

Figure 7 illustrates a curve showing the differences 
between the actual contrast and the desired con- 
trast. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] I n Figure 1 , the label DR denotes a medical im- 
aging system delivering digital images, each composed 
of a plurality of points each assigned a digital value, typ- 
ically between 0 and 255, and representative of a digital 
grey level NGN, to a display system SAF (which may be 
composed of a single display monitor MN or else the 
monitor MN and a printer IMP which are connected to- 
gether to this system DR). 

[0027] The display system then delivers an image 
which may be displayed on the screen or printed on the 
printer IMP and each pixel of which, corresponding to 
each input point (digital input value), is assigned a 
brightness level NL. The image is perceived by the hu- 
man visual system OL and the human brain then per- 
ceives a perceived grey level NGP for each brightness 
level. 

[0028] It is assumed in a first application of the inven- 
tion that the display system SAP is composed only of 
the monitor MN. 

[0029] The method of checking the calibration accord- 
ing to the invention consists, as illustrated more partic- 
ularly in Figure 2, in generating a digital test image IMC 
from a visual display test pattern MRC and from an over- 
all transfer function inverted in processing means MT 
This digital test image or digital calibration image IMC 
is then delivered as input to the display system SAF and 
is reproduced by the display screen, for example. The 
human brain then perceives a resulting perceived image 
IRL 

[0030] According to a first variant of the invention (Fig- 
ures 3 and 4), a plurality (n) [lacuna] elements ELi, each 
composed of two perceived grey levels NGPiO and 
NGPil , are defined on the scale of grey levels perceived 
by the human brain. The difference between these two 
levels, that is to say the contrast of each element ELi Is 
constant and the same for each of the elements. On the 
other hand, all the levels NGPi are different from one 
another. 



[0031] Based on this definition of the n elements ELi, 
a visual calibration test pattern MRC is defined which 
here is composed only of a first part formed from several 
(n) separate regions which are also labeled ELi. Each 
of these regions corresponds to an element ELi of the 
scale of perceived grey levels. Each region ELi is com- 
posed of a first area ZiO having a first light level, that is 
to say a first perceived grey level NGPiO, equal to that 
of the element ELi defined in Figure 3 and of a second 
area Zil having the grey level NGPil. 
[0032] In this figure, square areas have been shown. 
Of course, any other shape of area, such as, for exam- 
ple, circular areas, could have been used. 
[0033] An overall transfer function is then determined 
from the combination of the target transfer function of 
the monitor, that is to say the transfer function of the 
calibrated monitor, and from a transfer function derived 
from a mathematical model of the human visual system. 
This transfer function of the human visual system makes 
it possible to associate a perceived grey level with each 
brightness level. There are many mathematical models 
of the human visual system available to those skilled in 
the art. Thus, mention may be made of the so-called 
Barten model described, for instance, in the article by P. 
G.J. Barten: "Physical model for the Contrast Sensitivity 
of the human eye"; Proc. SPIN 1666. 57-72 (1992) and 
"Spatio-temporal model for the Contrast Sensitivity of 
the human eye and its temporal aspects", Proc. SPIE 
1913-01 (1993). 

[0034] Mention may also be made, for example, of the 
Hunt model (R.W.G. Hunt, "Revised colour-appearance 
model for related and unrelated colours", Color Res. Ap- 
pl. 16. 146-165 (1991), 

the Bartelson and Brenerrian model 

(C. J. Bartelson and E . J. Breneman, "Brightness 
perception in complex fields". J. Opt Soc. Am. 57, 
953-957 (1967). 

the Daly local conical model (S. Daly, "The visible 
differences predictor: An algorithm for the assess- 
ment of image fidelity", taken from the work: in Dig- 
ital Images and Human vision, A.B. Watson, Ed. 
Chapter 14, MIT Press, Boston, 1993. 

the Weber-Fechner law. particularly known to those 
skilled in the art. 

[0035] Next, the overall transfer function is inverted, 
in a conventional and known manner, so as to obtain an 
inverted transfer function, that is to say a transfer func- 
tion associating a digital grey level of a point in a digital 
calibration image with each perceived gr-Ay level cA a pix- 
el of the visual calibration test pattern 
[0036] The digital calibration image IMC illustrated in 
Figure 5, and corresponding to the virtual calibration test 
pattern, is then generated. This digital calibration image 



IS 



20 



25 



30 



35 



40 



45 



SO 



4 



7 



EP 0 935 232 A1 



8 



IMC is defined, in a manner similar to the visual calibra- 
tion test pattern, by a plurality ot digital regions ELCi 
each composed of a first area ZCiO and of a second area 
ZCil . All the pixels of the first area are assigned a digital 
grey level NGNiO and all the pixels of the second area 
are assigned a digital grey level NGNil. 
[0037] The calibration test pattern as defined in Fig- 
ures 3 and 4, and consequently the corresponding dig- 
ital calibration image IMC, is especially used when the 
discretization increment of the monitor is greater than 
the contrast detection threshold of the human eye. Ele- 
ments ELi will then be chosen whose contrast, that is to 
say the difference in perceived grey levels, is significant- 
ly greater than the discretization increment, for example 
equal to three or four times this increment. The fact that 
a contrast significantly greater than the discretization in- 
crement is chosen makes it possible to minimize the im- 
pact of the variation In this discretization Increment 
along the scale of perceived grey levels. However, it is 
possible to choose smaller contrasts if the scale of per- 
ceived grey levels is divided into areas within which the 
discretization Increment remains approximately con- 
stant. 

[0038] If the discretization increment of the display 
system is smaller than the contrast detection threshold 
of the human eye, a visual calibration test pattern com- 
posed in fact of two parts (Figure 6) will be defined. More 
specifically, the first part will be composed of n elements 
ELAi, each contrast of which is less than the contrast 
detection threshold SPR of the human eye. The second 
part PB will consist of n elements ELBi, the contrast of 
which will be chosen to be greater than the threshold 
SPR. In practice, a contrast slightly less than the thresh- 
old SPR. for example 0.8 or 0.9 times this threshold, will 
be chosen for the elements ELAi, whereas a contrast 
slightly greater [lacuna] SPR (for example 1.1 or 1.2 
times this threshold) will be chosen for the elements EL- 
BI. 

[0039] Each of the parts PA and PB will therefore be 
composed of an image similar to that Illustrated in Figure 
4. The corresponding complete display test pattern 
would, if it were fully perceived by the eye, be equal to 
the juxtaposition of two test patterns such as those illus- 
trated in Figure 4 

[0040] Figure 7 shows, in the in the actual solid line, 
the variation in the actual contrast of the various ele- 
ments of the image IRL actually perceived by the human 
eye, compared with the desired contrast of these same 
elements, that is to say the contrast of these elements 
as they ought to be perceived in the visual calibration 
test pattern if the system were correctly calibrated. 
[0041] If the system is correctly calibrated, the curve 
of correspondence between the actual contrast and the 
desired contrast is in fact the straight line passing 
through the origin with a slope of 45'*. as illustrated by 
the dotted line in Figure 7. 

[0042] However, this Figure 7 shows that when the 
slope of the curve Is greater than 45° the contrast of the 



element ELI is in fact increased (actual element EL10). 
However, when the slope of the curve is less than 45'* 
the contrast of an element EL2 is decreased (element 
EL20). 

5 [0043] From this observation, and If reference is more 
particularly made to a visual calibration test pattern such 
as that used In the variant In Figure 6. it may be observed 
that if the slope of the actual curve in Figure 7 is equal 
to 45° the contrast of an element of the first part PA of 
TO the test pattern is not perceived by the human eye, 
whereas the contrast of the corresponding element of 
the second part PB Is perceived. 
[0044] When the slope of the actual curve is signifi- 
cantly greater than 45°. the contrast of the two corre- 
^5 spending elements of the first part PA and of the second 
part PB of the test pattern may be perceived. However, 
when the slope of the actual curve is significantly less 
than 45*'. the contrast of neither of the two correspond- 
ing elements not of the first part PA and of the second 
?o part PB of the test pattern may be perceived. Conse- 
quently, the calibration of the display system, that is to 
say in this case the calibration of the monitor but also 
the calibration of the printer, may be checked by observ- 
ing the perceived contrast of the elements of the two 
?5 parts PA and PB. If the contrast of at least one of the 
elements of the first part PA can be perceived, or if the 
contrast of at least one [lacuna] of the second part PB 
cannot be perceived, it may then be concluded that the 
display system is not calibrated. If the contrast of all the 
elements of the first part PA cannot be perceived, and 
if the contrast of all the elements of the second part PB 
can be perceived and if the actual transfer function of 
the display system is assumed to coincide with the tar- 
get transfer function, at least at one point, it may be con- 
5 eluded that the display system is calibrated. If It is not 
known that this coincidence between the actual transfer 
function [lacuna] the target transfer function exists at a 
point, it will then be necessary to take a direct calibration 
measurement at a point, for example on a black level, 
0 to ensure that the system is properly calibrated. For ex- 
ample, a direct measurement of the brightness or of the 
optical density may be taken for this particular point and 
this measurement may be compared with a calibration 
reference. 

? [0045] If a visual calibration test pattern is used like 
the one Illustrated in Figures 3 and 4. that is to say a 
test pattern for which the contrast at each element is 
significantly greater than the discretization increment, 
the calibration of the system may be checked by observ- 

? ing the perceived contrast of the various elements. If the 
perceived contrast of the various elements is not con- 
stant but changes from one element to another, it may 
then be concluded that the display system is not cali- 
brated. If the contrast of alt the elements Is constant, 

• and If the actual transfer function of the display system 
is assumed to coincide with the target transfer function, 
at least at two points, it may be concluded from this that 
the system is calibrated. If it Is not known for certain that 
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this actual transfer function coincides at two points with 
the target transfer function, it is then necessary to take 
two direct calibration measurements in order to reach 
the conclusion that the system is correctly calibrated. 
[0046] It will now be assumed, in a second application 
of the invention, that the display system SAP is com- 
posed of the monitor MN and the printer IMP which are 
connected together to the medical imaging system DR. 
[0047] The various elements of the test pattern MRC, 
especially the contrasts and the minimum and maximum 
values of the grey levels, depending on the character- 
istics of the printer and in particular on Its discretization 
increment, are then generated. 

[0048] This being so, the inverted target transfer func- 
tion of the monitor is used to define the digital calibration 
image IMC from the test pattern MRC. 



Claims 

1. A method of checking the calibration of a display 
system, characterized in that a visual calibration 
test pattem (MRC) intended to be displayed on a 
display means of the said system and observed by 
the human eye is generated, this test pattem com- 
prising at least a first part (PA) formed by several 
separate regions (ELI) each composed of a first ar- 
ea (ZiO) having a first light level and a second area 
(Zil) having a second light level, all the light levels 
being different from one another and the difference 
between the two levels of the two areas of a region 
being predetermined and the same for all the re- 
gions, an overall transfer function is determined 
from a first predefined transfer function of the cali- 
brated display system and a second predefined 
transfer function from a mathematical model of the 
human visual system (OL), a digital calibration im- 
age (IMC) corresponding to the said calibration test 
pattem is determined from the said visual calibra- 
tbn test pattem and from the inverse of the said 
overall transfer function, the said digital calibration 
image is delivered as input to the display system 
and the resulting image thus obtained (IRL) is dis- 
played on the said display means, and the calibra- 
tion of the display system is checked by displaying 
the said resulting image. 

2. A method of checking the calibration of a printer 
forming, with a display system, for example a mon- 
itor (MN). a display system connected to common 
processing means, in which a visual calibration test 
pattern (MRC) intended to be displayed on the dis- 
play means (MN) and on the printer (IMP) and ob- 
served by the human eye is generated, this test pat- 
tern comprising at least a first part (PA) formed by 
several separate regions each composed of a first 
area having a first light level and a second area hav- 
ing a second light level, all the light levels being dif- 



ferent from one another and the difference between 
the two levels of the two areas of a region being 
predetermined and the same for all the regions, an 
overall transfer function is determined from a first 

s predefined transfer function of the calibrated moni- 

tor and from a second predefined transfer function 
of a mathematical model of the human visual sys- 
tem, a digital calibration image (IMC) corresponding 
to the said calibration test pattern is determined 

10 from the said visual calibration test pattern and from 
the inverse of the said overall transfer function, the 
said digital calibration image is delivered as input to 
the display system and the resulting image thus ob- 
tained is printed by the printer (IMP), and the cali- 

15 bration of the printer is checked by displaying the 
said resulting image. 

3. Method according to claim 1 or 2, characterized in 
that, the discretization increment of the display sys- 

20 tern being smaller than the visual contrast detection 
threshold (SPR) of the human eye, a visual calibra- 
tion test pattern is generated which has a first part 
(PA) associated with a first constant difference in 
light level smaller than the said visual detection 

25 threshold and which also has a second part (PB) 
that is structurally similar to the first part and asso- 
ciated with a second constant difference in visual 
level greater than the said visual detection thresh- 
old. 

30 

4. Method according to claim 1 or 2, characterized in 
that, the discretization increment of the display sys- 
tem being greater than the visual contrast detection 
threshold (SPR) of the human eye, a visual calibra- 

35 tion test pattern comprising only the said first part 
is generated and in that the constant difference in 
visual level is significantly greater than the said dis- 
cretization increment, for example equal to 3 or 4 
times this increment. 
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